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§1. Name of lnvestigator(*} 

S#^. * 

• 

Short Title of Project: 

^iSy^V • - ■ -.•• 

^ A Propo*ed Starting Dote: j J(jly 

S. Anticipated Duration of thi* Specific Study: - 

•-••C;"' - . 30 June 1976 

. Brief Deicripton of Objective* or Specific Aim*: 

1) The development of a two dimensional gel electrophoresis system amenable ^ 4 ^. 
to autoradiography for the analysis of chromosomal proteins. '/; i>:.' 
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be tested in material Isolated from chromatin^ total metaphase chromosomes and 
^ rorn single chromosomes. 

v'^’ l • . 

■ 4) Isolation of differentiation variants and analysis of their chromosomal 

. ” - proteins. * 

■ 8 

§ 

CA 

** 

C3 

00 

CO 

A CO 


1.7>; 


L»^ > 0 


7. Give a Brief Statement of your Working Hypothesis: The behaviour of a malignant cel 1 f for Instance 
unrestricted growth, is due to changes in the response of its genome to environmental i 
(cellular) stimuli. The capacity of the genome to respond to these stimuli depends 
to a large extent on nuclear proteins. - 
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& Details of Experimental Design and Procedures i (Attach Separate Pages) 


£-*£ (See pages 5-11.) 
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^9. Physical Facilities Available (Where Other than Administering Organization indicate Geographical Location) 

* . .* * - 

+ : ' * * ' 

General facilities at our disposal include controlled temperature rooms 
(30°, 37°), media room, autoclaves, cold rooms (4°, -18°), and a -70° refrigerator. 

* J 4 *; r .Preparative and analytical ultracentrifuges with a number of rotors. Amino acid v^?^w*r 
analyzer. A scintillation and a dry counter for radioisotopes. High voltage 

• electrophoretic apparatus. Spacious lab area and office. A number of water baths 
and incubators, small centrifuges, and various other facilities necessary in a 
V-..’ modern biochemical laboratory. We have excellent animal quarters, and fairly 
^/adequate facilities for tissue culture work. Spacious lab space is available. 
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10. Additional Requirements: 


^ Most of our present tissue culture facilities are concentrated in a 
; v V k central laboratory which is next to my lab and serves all the department. 


“ Therefore the initial work can be started even without addition of any new 
'^‘equipment; however, for the continuation of the project facilities for tissue 
.culture work would have to be introduced into my laboratory. 
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^Biographicol sketches of all principal and professional personnel (append) 

(See pages 12 & 13.) 
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12. list of publications: (Five most recent as pertinent) (append) 
(See page 14.) 
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X Salaries (Personnel by names) 
Professional . 

David AptrIon 
Ruth Kaplan. 
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Technical • •/***? : ' ‘ ’ 

Edward Watson ‘ * , 

Vera Johnson . - * . 

Ernestine Love 

Fringe Benefits (Social Security) 


B. Consumable Supplier #st by categories) 
Liquid Nitrogen 
Tissue Culture Medium 
• Chemical Substrates and Enzymes 
Radio isotopes 
Glassware and'Plasticware 
Animals and animal supRliies 


C Other Expenses (itemix*) _ 

National Scientific meeting for two persons 
Publications costs (page charges, illustration, 
reprints, typing) 

Books and Journals 

Equipment Maintenance Contracts 

- Sob-Total 

D. Permanent Equipment (itemize) _*. 

Water Bath for Spinners with Magnetic Rotors 
Laminar Flow Hood 
Inverted Microscope 
Electrophoresis Units (2) 

Power SupRly Units (2) 


E. Overhead (15% of A+8 + Q _ 

Total 

Estimated Future Requirements: 

Salaries Consumable SuppL Other Expense* Permanent Equip. 
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H 1» understood that the applicant and Institutional officeri 
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the Council's "Statement of Policy Containing Conditions 
and Terms Uhder Which Project Grants Are Made." 
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Introduction . A malignant cell can be viewed as a cell which has lost 
part of Its regulatory capacity, a cell which ceases to respond to various 
stimuli as does the precursor cell. >s • , 

* • Parts of the genome of a mammalian cell seem to be permanently blocked, 
while some other parts seem to be capable of responding to stimuli in the *.\f' 

cellular environment. Cells from different tissues in the organism or tn 
tissue culture can respond to similar effector molecules, such as cAMP. 

However, their responses vary: fibroblast cells and neuroblastoma cells 
both respond to cAMP but very different proteins are produced and different 
processes apparently occur in both cells during these responses. That part 
of the genome which responds to the effector must be determined by something , 
in the cell, Srnce in all likelihood genomes of different tissues, in the 
same organism* are by and large identical, the differences among nuclei from v * \j 
different tissues could be due to chromosomal proteins. 

Since the genome of a malignant cell ceases to behave as does a genome 
of the parental nontransformed cell it is quite likely that a change occurred 
In the chromosomal proteins. T 

There is a growing body of evidence linking changes In the genome with 
specific cancers; see for Instance references 1-3* However, these changes 
do not seem to be too specific, f.e. it Is not clear whether the genome is altered 
or whether the change could be related to alterations in chromosomal proteins. 

A much more interesting observation is that the synthesis of nuclear acidic 
proteins is increased after SV40 infection (4). In order to analyze such 
situations (transformed versus nontransformed cells) we wish first to 
develop proper techniques for qualitative and quantitative analysis of )/ 

chromosomal proteins and to use these techniques on specific cell lines ' > \\ 

where the analysis could be most informative. 


V.- 


‘ Materials . We plan to work exclusively with mouse cells. In order to ; 

be able to isolate specific chromosomes (see below) we wish to use a specific 
mouse line that contains only one metacentric chromosome. Such a strain was 
Isolated by crossing Mus musculus to Mus poschiavlnus and back crossing the 
hybrid to the first parent (5). ( Mus poschiavlnus contains seven metacentric 
chromosomes.) The single metacentric chromosome in the strain isolated from 
the back cross is distinct and it replaces two acrocentric musculus chromosomes. 
In all likelihood it should be feasible to separate this chromosome from all 
others. Other mouse lines are available in whicbby reciprocal translocations 
between two acrocentric chromosomes one larger chromosome and one smaller 
chromosome have been produced. In such a line it might be possible to 
separate individually two chromosomes, the large and the small, from all 
other chromosomes. Separation will have to be carried out on cells grown in 
tissue culture arrested in the metaphase stage. 

Isolation of chromatin, chromosomes^and their analysis. Chromatin and 
chromosomes would be isolated from cells transformed by polyoma virus or other 
means and nontransformed cells, and from cells during the process of cell 
transformat ion (chromatin). (Techniques for such isolations are available 
and some of the references are mentioned above.) As chromosomes are separated 
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the cells would be labeled first (long term) with ^C-amino acids in order 
to label the chromosomal proteins; thus even very small quantities of 
material could be analyzed by autoradiography. 

Prior to the isolation of the chromatin and chromosomes we shall develop 
two dimensional polyacrylamide gel electrophoresis for the analysis of the 
chromosomal proteins. At present this technique developed by Kaltschmidt and 
Wittmann (6), Is probably the most sensitive technique available for fden- & 
tIf feat ion of proteins in a mixture. Moreover ribosomal proteins and chromo¬ 
somal proteins both share common characteristics, especially with respect to 
solubility, and therefore it sould be quite easy to adapt the existing tech¬ 
niques to the analysis of both the histones and the acidic proteins. For 
further details about the analysis, see below. 

The qualitative and quantitative pattern of the chromosomal proteins fn 
the chromatin and chromosomes isolated from transformed and nontransformed 
cells, would be compared. This analysis would be augmented by proper in vivo 
labelling of the proteins with radioisotopes. Thus we should be able to 
determine whether or not there is a unique pattern to chromosomal proteins 
during ceTl infection with a virus, during the establishment of transformation 
and after the process Is finished and the condition is maintained. Similar 
analysis would be carried out on cells transformed by other means, e.g. 3T3 
mouse cells and cells derived from them which have lost contact inhibition. 



Acetylation and phosphorylation of chromosomal proteins . Chromosoma1 
proteins, and specifically acidic proteins, are known to undergo acetylation 
and phosphorylation which seems to be relevant to either the cell cycle or 
to regulation of gene function. These parameters would be measured on total 


chromosomes, chromatin and isolated chromosomes. This would be done during 
regular growth and after infecting cells with the virus. chromosomal 

In a different approach . * isolated chromosomes and the Isolated/^proteins 
would be used as substrates to measure acceptance of phosphate by protein 


phospho kinase mediated by cAMP. 

* Such comparisons as described in the last two sections coupled with 
knowledge about gene activity of a specific chromosome (see below) would 
lead to meaningful correlations between gene activity or gene restriction 
and transformat ion. We should be able to determine whether there is any 
indication that the programming written into the cells during differentiation 
Is changed during and after transformation* 


Variants of Differentiation . A very interesting situation that ties 
together a viral infection and differentiation is the cloned line of murine 
proerytbroblastotd cells. Such a line can be transformed by infecting it with 
Friend leukemia virus (7, 8). Such transformed cells can be made to 
differentiate by addition of dimethylsuifox!de (Me 0 SO) to the culture medium 

<s>. 2 

In this system the comparison of chromosomal proteins, their phosphorylation 
and acetylation, can be made among the three stages - the uninfected ceils, 
the Infected transformed 1 cells and the differentiated cells. Since recently 
It was shown that during this differentiation process a specific messenger is 
produced (globin mRN/y 10) it should be feasible to find out what specific 
changes in the nucleus, fn chromosomal proteins, were caused during this viral 
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dependent differentiation process. .‘J, .. - . »;/•«.. ■ ■ x. 

1,.,-This phenomenon menttoned above’suggests that ft should be possible to ’ ^'JvS 
study nuclear changes during transitions from one differentiated stage to -5^^ 
another. Another case that we shall study’ is the transition in neuroblastoma 
cells from, undifferentiated to differentiated cells, which can be caused^by 
small effector molecules such as cAMP (11). . j-"' „ .U. 

'V---it should be possible to isolate from existing celf lines variants jthat 38# 


-.cyan produce proteins ^which are t Jibt .usuariy’produced..\jFor. instance,. a .cel 1*. 

- I line developed' from a ffjbroViast such as.a 3T3 1j ne does not. produce globin or 


; - 



^iver proteins such as serum albumin. However it has been shown by Petterson 
' and Weiss (12) that hybridization of a mouse fibroblast tine with a rat . 
hepatoma line gave a hybrid which started producing mouse serum proteins. 
•Therefore we should, ^select, lines that produce new "products/ with and without 
transforming the line with a virus. First, we shall find out whether the^ - T> 
; frequency with wh?ch ; such nejw variants, referred .to herein.as differentiation r 
mutants, can be Increased after transformation. If this is the case it would 
suggest that changes in the genome which led to transformation and malignancy 
; >~.are relevant to changes in the genome which lead to different iation. A 
number of agents, such as alkylating agents, nitrous acid, acridines, ^ 
acridine half mustards, etc., would be used to induce such variants, and from 
. finding out which of them is effective some insight could be gained toward 
.what causes this process. V : r/*, : % , 

There are a number of possible ways to score or select for such variants, 
(dffferentiation mutants) of which we mention here only a few. 

I) Selection for the production of an enzyme that can be stained for 
histochemica1ly. 
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colony is grown in dup 1 icate, so that further analysis of any suspect colony 
(which probably would'be killed by the staining procedure) could be continued. 
Growing of large number of colonies in an ordered fashion Is possible in 
multiwelled plates (see ref. 14). We have ascertained that we can grow mouse 
L cells in such units. 




c 




2) Detection of heme producing, lines: this could*be accomplished either 
by staining with benzidin, or by autoradiography with iron (I5)> using 
techniques similar to those developed by Milcarek 'and* Weiss (16) for the 
isolation of DNAseless mutants of E. coli . We are at present isolating 
RNAseless mutants of E. coli by this technique, and are satisfied with it. I 
am confident that It is a very adequate technique for the isolation of variants 
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f would llike to'eniphas tze' that the three characteristics described here'are 
only examples, and many other phenotypes can be screened for. Therefore f Have 
•'no doubt that the isolation of "differentiation variants" is feasible and the 
analysis of the chromosomal proteins and their chemical modification in such 
v*- lilies should be very'illuminating and very'cri t leal for the understanding* of cell 
differentiation, i would like also to point out that in these screenings or 
selections, we shall be looking for positive traits and therefore even if the 
colonies we analyze are mixed clones arising from some modified and some unmod¬ 
ified celts, we should be able to discover these clones, since they should- score 
as positive or partial positive in the tests. • ■ . 







* * Isolation and analysis of specific chromosomes . There are two main 

alms In the analysis of unique*chromosomes; 1) concentration on a unique 
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• iomc>io wmen tne vi rus 'actually 

ll^f'-to know the latter, knowing the former would be helpful to determine whether 
specific changes occur-’in - the nucleus * (chromosomes)' after '-cel 1 • transformation*, 
Although the isolation of a specific chromosome and its analysis may be achieved 
it cannot, of course, be predicted that the virus would attach specifically to 
the chromosome that we plan to isolate. However, this might be achieved by 
using the mouse man or mouse-Chinese hamster cell-cell hybridization. 

In a hybrid ceTl line of mouse and man'(l8), using a human viral 
transformed line, the human chromosomes would carry the SV40 viral genome. In such 

a line it should be possiblie to isolate clones that lost most of the human 
chromosomes. It should be also possible to hybridize a mouse transformed cell 
with a human nontransformed cell or Chinese hamster ceil and to isolate hybrids 
that carry small numbers of the mouse chromosomes. A hybrid line would be searched 
for that carries just a single human or mouse chromosome (the mouse chromosome should 
be relatively easy to identify) and which still carries the virus (this can 
be verified by analysis 
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s. purpose an- ant i bod'v agaiins't' purified' mouse, serum* a 1 burr in*' would' : fe<v ^ 


pf Specif to Vfral 'ant 1 gens) ± [jjiih f Te the Hybrids" would ‘usually* lose preferentially 
tfhe .human chrornosoiies^ ft should[be~possible : by FrradiatJon of the mouse cells 
prior to the 'hybridTiatFon^ to cause 'prefafentfaJ -1o¥s of mouse chromosomes (19). 
Perhaps among such specific hybrids there wfll be one from which the moose chromosome 
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•has "a 1 dumber 1 of r experimental approaches. 


fh8 ,'success7 i n _ar|y °6f 'themw6uid f mbke '6uf'efforts c wprthwhl le and vary' rewarding. ' 

the independent parts r of the project ai*e'the’following: a) Development of two ,7-.-7 
dimensional gel electrophoresis for chromosomal proteins, b) Autoradiography 
foi%aeetylation’and phosphorylation of chromosomal proteins: this depends on a 
but can be done independently by one dimension gel electrophoresis, c) Isolation ;V .v. 
of a single chromosome from a mouse, d) isolation of differentiation variants, rc^-ir’ 
e) Isolation of a chromosome_carrying a viral genome. " 
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Work and experience relevant to this project 


For my master and Ph.D, thesis I worked on genetics of higher organisms 
(20-25) which gives me a basic familiarity with genetic problems of eukaryotic - '/‘I 
cells. During my studies for the Ph.D. I developed'a two-way selection technique , " ;V 
..(see ref, 2). Similar principles are used now in the selection of resistant 
mutants in tissue culture which become simultaneously auxotrophic. Also I had 
the benefit of working with Professor G. Pontecorvo (I9SI-63) at the time in which 
..he initiated- somatic cell genetics in tissue culture. During my studies for the 
Master # s degree I prepared and taught cytogenetic laboratories which should 
v help me now with the chromosomal aspects of the project. Also this year I taught 
j a graduate course on eukaryotic chromosomes* which has further orientated me • 

..‘ towards this research problem-. My experience with ribosomal proteins (25-27) 
would* I believe* be most useful since the techniques we use to analyze ribosomal 
proteins are most appropriate to the analysis of chromosomal proteins as in both; • j 
cases one is dealing with complex organel les which are composed of nucleic acids ..y s t 
and proteins, ** * * * , . * ; 

For analysis of ribosomal proteins we use ^ variety of polyacrylamide 
gels* round gels* one dimension slab gels and two dimension gels (the first 
dimension of electrophoresis is done in a round gel and the second is in a slab 
gel). Also recently we introduced thin (1,5mm) 1 one dimensional slab gels which 
are adequate for autoradiography* since they can be easily dried. We have 
already made some preliminary trials with nuclear proteins isolated from chromatin 
of mouse liver cells and mouse L-cells using the thin layer one dimensional slab gels. 
It is clear from the results that before long we should have at our disposal very 
powerful tools for the analysis of chromosomal proteins. We chose to develop a 
technique amenable to autoradiography for two reasons: 1) we anticipate that^ 
most of the work on proteins isolated from chromosomes would; have to be carried 
out on very small amounts of material where Identification would have to depend ^ >■*.. 
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on radioisotopes; 2) an important part of the analysis of chromosomal proteins ..•: 
would involve modifications that are taking p;lace in them during a variety of 
cellular events related to transformation and malignancy. Such physiological . 
modifications can be detected by proper radioisotope labeling. 

In order to learn cell hybridization techniques I spent during 1971 a 
number of weeks in Dr. F. Ruddle's laboratory (Yale University) who is one of the 
leaders in this field. In all the specific areas which are outside my expertise 
there are a number of people In the Medical School who are very competent in ; 
these areas and who have promised help and' counsel if necessary. ' . 
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